Abstract. The paper describes the development of a parametric 3D CAD assembly of a small-size GTD combustion chamber. Based on the chamber model, we derive the internal CAD volume of the designed single-burner sector. The created parametric models are auto-adjustable by an external excel spreadsheet controlling their parameters. The 3D combusion chamber assembly and the single-burner sector can further be used for optimizing the geometry of flame tubes and nozzles, arranging the sustainable fuel burning space, for the spatial distribution of air flows, and for other design tasks.
Introduction
Combusion chambers (CC) of small-size gas-turbine engines (SGTE) have to meet a number of seemingly mutually exclusive requirements such as: the specified level of circumferential and radial non-uniformity of output temperature fields, a wide range of operating parameters without flame failure, low total pressure losses, a high combustion efficiency, minimum emission of unburned hydrocarbons, etc. This is why designing and finishing combusion chambers is a complicated process that inflates the creation and starting the production of, new engines. Computer simulation is widely used nowadays to solve this problem [1] [2] [3] . Such simulation requires finite-element models of the areas to be computed; building such models takes 40 to 80 percent of the total computation time [4, 5] . This is due to the fact that when designing a new combustion chamber, one has to analyze a lot of various option before the most optimal one is chosen. For each option, they first have to build a geometric 3D combustion chamber model (a CAD model), then use it to build a finite-element (mesh) model. Creating the mesh model is additionally complicated due to the need to account for the combustion process aside from the geometry, as the computation mesh has to be further refined where the computable parameters are expected to change vastly. Therefore, we need a way to quickly edit the CAD model and rebuild the mesh model.
Materials and methods
The paper describes the process of creating a parametric model of a 3D MGTE combustion chamber assembly and the internal volume of the computed sector. Parametric models can have their geometry adjusted quickly and without human intervention [6] . This advantage is made use of in various branches of mechanical engineering. Parametrizing the machine tooling used by multi-axial CNC machining centers makes designing such tooling much less time-consuming [7] . Another paper [8] cites the optimal design of a high-speed diesel combustion chamber on the basis of parameter space studies.
The authors hereof chose the popular Siemens NX package as their development environment. This CAD system is popular with aircraft-engine manufacturers. Creating a parametric assembly can be complemented with various methods [9] , each having its pros and cons.
The modeling process programming method [6] consists in pre-compiling the geometric construction command lists in the form of a program code. When running the code in the NX interface, auxiliary sketches and part volumes are built automatically. Siemens NX supports various programming languages from its proprietary languages to a few common ones like UG/Open GRIP, SNAP, VB, C+, C#, etc. Dimensions, geometric constraints, number of holes, and other source modeling data can be specified in a separate text file. By changing the parameters in the data file and running the program, we can produce a modified CC CAD model. The drawback of this method is the complexity of coding, especially when it comes to such complex-design assemblies as a CC. Programming a highly-branched algorithm to describe how an altered part would affect the size and positioning of other assembly components is also no simple task.
The traditional variational (dimensional) parametrization method is based on creating sketches with different parametric links superimposed [9] . The NX environment can create the so-called active dimensions that control the geometry. When specifying such a dimension, one creates a linked variable-value parameter. Changing an active dimension alters the distance or the angle between the components of the sketch, on which the dimension is based. Apart from dimensions, unambiguous geometry determination in NX requires such constratins as perpendicularity, coaxiality, tangency contraints, etc. The drawback of this method is that the model geometry has to be adjusted manually. The connecting dimensions of the parts in an assembly are not linked and have to be edited individually.
A better-developed variational parametrization method is referred to as the top-down modeling method [9, 10] . All the parts are created and edited in the context of their assembly. The connecting dimensions of components are inter-linked and are altered harmoniously. The top-down method, just like the programming method [6] , supports the use of external data files while being less difficult to implement. It was this method that the authors hereof chose for their parametric CC 3D assembly effort.
Creating the parametric 3D assembly of an MGTE combustion chamber
The designed combustion chamber is intended for small-size gas-turbine aircraft engines. The small size actually complicates organizing the combustion process, which is why designing and finishing it requires thorough analysis of multiple options. The designed chamber is a ramjet ring chamber, see Fig. 1 . Flame is stabilized in the toroidal recirculation zone.
Fig. 1. Combustion chamber sketch
We first create an NX assembly file containing the control structure of the combustion chamber, consisting of three parts: the original structure, the working structure, and the resulting structure. The top-down method implies working with each structure consequentially.
The original structure must contain the assembly frame sketch. First we build the outerwall profile of the flame tube. It contains the geometric constraints on the sketch components, such as tangency, parallelism, collinearity, etc. Then the CC flame tube wall thickness is specified by means of equidistant profile displacement. Then we build the remaining elements of the combustion chamber.
While optimizing the CC design, we have to alter many dimensions of the assembly multiple times. Doing it in Siemens NX 3D modeling environment by finding the exact element we need is not the most convenient option. This is why we've created an external excel spreadsheet containing all the geometric parameters one might have to adjust. In the Expressions window of the NX interface, the dimensions of the model are linked to specific spreadsheet cells, see Fig. 2 . This enables dimensional adjustments in Excel.
Fig. 2. Siemens NX to Excel link
The sketches created as a part of the original structure are then copied to the working structure be mans of the WAVE Geometry Linker. They are therefore used to create threedimensional solids of rotation. A few holes are made in the flame tube. The axes of the holes in the front wall are located at an angle to the normal of the outer tube surface, see Fig. 3 . The angles for each hole row as well as other parameters are read from the linked excel spreadsheet.
Fig. 3. Holes in the front wall of the flame tube
Finally, all the components of the assembly are copied to the resulting structure where they are saved as individual files. Figure 4 presents the finished parametric model of the 3D CAD assembly of an MGTE combustion chamber. It complrises the external housing outlines, the flame tube structure (with cooling and air supply holes), and the diffuser output. When modeling the CC assembly, we've taken into account a number of constraints that the combustion process imposes on the design. We've found the values of, and sticked to, the limits on distances between cooling/mixing/air supply holes, closures, hole diameters, and inter-hole pitches. We have also stayed within the limits on the combustion chamber length, middel section height, inclination angle, flame tube wall thickness, etc.
For numerical analysis of inter-chamber processes, one uses 3D models of CC internval volumes and channels. In our case, the problem is axis-symmetric, and it makes sense to analyze just a single-burner sector rather than whole chamber to save computation time.
The desired model is based on a parametric assembly and the profiles created as a part of the original structure, see Fig. 1 . First, the volume is created by means of the chamber outline. Boolean subtract operation is used to remove the solids of flame tube walls and other CC components. The resulting geometry is reduced to the size of a single-burner sector, see Fig. 5 .
Fig. 5. Internval volume of the computed combusion chamber sector
We've used the proposed method to build several combustion chamber designs, then refined them. Compared to traditional remodeling, this method is about 50% less timeconsuming.
Conclusion
The developed combustion chamber assembly parametrization and computer section building has been tested and found:
1. To considerably simplify the simultaneous building of multiple 3D combustion chamber models differing insignificantly in size. 2. To enable model editing without running the NX interface thanks to an external parametric excel spreadsheet. The file can be auto-edited by the optimizer software [11] without human intervention. 3. Changes in the assembly do affect the linked computed sector of the CC. In theory, we can build a system that rebuilds the mesh model. 4. The created parametric 3D assembly of an MGTE combusion chamber can be used for the geometric optimization of combustion chambers (housings and flame tubes) by means of special software like IOSO [11] . 5. The developed method halved the time consumption of computation and refinement.
